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ABSTRACT

This document provides a system description and user's guide
for the Ephemeris Representation Ground Support System
(ERGSS). The functions performed by ERGSS include data re-
trieval from a Goddard Trajectory Determination System
(GTDS) ORBIT File, rotation of state vectors from mean-
0f-1950.0 coordinates to true-of-date coordinates, maximum
entropy spectral (frequency) analysis of the data, least-
squares fitting of the data to a Fourier series, evaluation
of the Fourier series, computation of residuals, statistical
analysis of curve fits, and output reporting.
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SECTION 1 - INTRODUCTION

1.1 EPHEMERIS REPRESENTATION CONCEPT

The concept of Multimission Modular Spacecraft (MMS) was
developed in response to an increasing demand for standard-
ization of spacecraft and detailed mission design. Accord-
ing to this concept, a spacecraft uses modular, standardized
hardware components and onboard software that are adaptable
to a variety of missions. - Many of these missions require
ground-based orbit detérmination and prediction with sub-
sequent transmission of a 3-to-4-day span of predicted
ephemeris data to the spacecraft. These ephemeris data,
when used in conjunction with computational algorithms
available in the onboard computer (OBC), must be sufficient
to reconstruct the predicted spacecraft trajectory to within
some specified degree of accuracy. The transmitted data
plus the OBC ephemeris reconstruction algorithms are re-
ferred to as an "ephemeris representation.” Onboard the
spacecraft, the ephemeris representaﬁion can be used in real
time to compute information required in the attitude and
control algorithms, to computé the line-of-sight vector to
Tracking and Data Relay Satellites (TDRSS), and to annotate
the scientific data.

Results from a general investigation of ephemeris represen-
tations for MMS missions are presented in References 1
through 3. These studies identify the relationship of rep-
resentation accuracy to OBC core storage and time require-
ments and uplink data transmission requirements. Use of the
NASA Standard Spacecraft Computer-1 (NSSC-1l) as the OBC for
Landsat-D and the Solar Maximum Mission (SMM) is given par-
ticular attention. Ephemeris representations for the .TDRS
type of spacecraft are evaluated and documented in Refer-
ence 4,



Two constraints, in addition to the accuracy requirement,
influence the design of an ephemeris representation. First,
the size of the ground-to-spacecraft data transmission is
limited. Therefore, a highly accurate ephemeris cannot be
computed on the ground and transmitted to the spacecraft for
every time of interest (every 30 seconds at a minimum).
Second, the computational ability of NSSC-l1 is limited.
Hence, a highly accurate analytical (or quadrature) formula-
tion is probably too time consuming for onboard computation
of the spacecraft position and velocity at the desired times.

Both constraints were satisfied by adopting a compromise
between a completely analytical and a totally numerical
ephemeris representation that is nearly identical to the
Block 5D algorithm discussed in Reference 5. In this ap-
proach, a simple analytical approximation to the ephemeris
and a file of residuals are computed on the ground and
transmitted to the spacecraft. The residuals are the 4dif-
ferences between accurate ephemeris coordinates and the
analytical approximation at the interpolation grid points.
Each residual is constrained to fit in a single-precision
OBC wofd. The. analytical approximation acts as a data com-
pression device that decreases the required data transmis-
sion. The OBC algorithm consists of evaluating the
analytical approximation, adding the residuals to recon-
struct the interpolation grid points, and interpolating for

the times of interest.

Several possible analytic approximations to the ephemeris
data are considered in the previous studies (References 1
and 3). From a physical viewpoint, an analytic representa-
tion of classical orbital elements is a natural possibility
because an enormous theoretical background details the evo-
lution in time of classical elements under various perturb-
ing forces. However, the computation time required by
.NSSC-l to convert from classical to Cartesian elements is
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relatively large. For missions that require Cartesian ele-
ments at the times of interest (e.g., every 30 seconds), the
first study (Reference 1) indicates that directly modeling
the Cartesian coordinates, rather than using mean or oscu-
lating classical elements, is advantageous.

An analytic representation consisting of a set a Chebyshev
polynomials was considered but found to be inappropriate
because the data span of 3 to 4 days includes 45 revolutions
of a spacecraft at low altitude. Because Cartesian compo-
nents of position and velocity exhibit periodicities on the
order of the spacecraft period, a Chebyshev polynomial rep-
resentation requires too many coefficients to be suffi-
ciently accurate.l Instead, a truncated Fourier series

was adopted in the SMMER Program.

Various interpolators were also studied. A four-point
Hermite interpolation used with a l6-minute interpolation
interval yields an interpolation error below 300 meters when
compared with the reference ephemeris for the SMM type of
orbit. Therefore, SMMER (and, thus, ERGSS) was implemented
using a truncated Fourier series with grid. point residuals

coupled with a Hermite interpolation scheme.

1.2 GROUND-SUPPORT FUNCTIONS

A 3-day file of Cartesian ephemeris data is generated by a
numerical integration. These data are analyzed to determine
the mean orbital frequency and the least-squares fit to the
truncated Fourier series discussed in Section 3.4. " An op-
tional step is to compute the coordinate residuals or dif-
ferences between the accurate ephemeris and the Fourier
series representation. The Fourier coetficients, the mean

lEven dividing the data set into several subintervals would
not alleviate the problem of too many coefficients.



orbital frequency, the Earth's sidereal frequency, reference
times, grid spacing, and residuals can be transmitted to the
spacecraft.

1.3 ONBOARD FUNCTIONS

The Fourier series are evaluated for T and f at specified
grid point times. An option at this step is to add the re-
siduals at the grid points to reconstruct the accurate
ephemeris data. Each time a new grid point value is com-
puted (i.e., about every 16 minutes), new Hermitean inter-
polation coefficients are computed. At each request time,
Hermitean interpolation is performed for the position and
velocity coordinates. The Hermitean interpolation formulas
are discussed in Section 3.2.

1.4 ORGANIZATION OF THE DOCUMENT

This document is a system description and user's guide to
ERGSS. This program was developed by directly modifying the
SMMER Program (see Reference 6) to be a general ephemeris
representation package. The functional flow of the system
is discussed in Section 2. Section 3 presents a mathemati-
cal description of all the algorithms used in the system.
Section 4 is a user's guide to the system. Appendix A pro-
vides file formats and Appendix B presents a sample printer

output.
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SECTION 2 - FUNCTIONAL FLOW OF ERGSS

ERGSS consists of a main program and 36 subroutines. These
subroutines are divided into several groups, each of which
is to perform a specific function in the program. These
functions include data retrieval from a GTDS ORBIT File,
rotation of state vectors from a mean-0£-1950.0 coordinate
reference system to a true-of-date reference system, maximum
entropy spectral analysis of the ephmeris data to determine
orbital frequency, least-squares fitting of the data to a
Fourier series, evaluation of the Fourier series, calcula-
tion of the residuals, statistical analysis of the curve
fits, and output reporting. Figure 2-1 presents a hierar-
chical structure chart that demonstrates the interaction of
the various subroutines.

The majority of the subroutines in ERGSS were taken intact
or modified from the SMMER Program (Reference 6). Subrou-
tines GETHDR, GETVCT, TODROT, INTP, HEMITR, DJULL, OBSTIM,
TCON, TDIF, TCWF, MA3331, DJUL, and DELTIM were taken di-
rectly or modified from GTDS. The source of subroutines
ZCPOLY and VSORTP is the International Mathematical and
Statistical Library (IMSL). FMOVE, INCORE, and ZTIME are
utility subroutines available to the user at the Mission
Operations Computing Facility of GSFC.

MAIN is the executive program. It serves as the driver of
the system and calls different modules to perform.ﬁhe major
functions mentioned above. The following subsections dis-
cuss each major function in the order of execution.

2.1 VARIABLE INITIALIZATION

Variables in NAMELIST SCTIM and CARDIN and variables for
output functions are initialized to their default values.
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2.2 READING OF INPUT DATA/WRITING OF OUTPUT FILES

Input data include three NAMELISTs and three additional in-
put cards. Section 4 provides a detailed description of the
NAMELIST and the card contents.

2.3 READING GTDS ORBIT FILE HEADER RECORDS

The header records are read by calling GETHDR (entry point
GETHDR) .

2.4 DETERMINATION OF START TIME AND END TIME OF EPHEMERIS
REPRESENTATION RUN

The ephemeris representation start and end times are deter-
mined by comparing the start times and end times input by
the user with those of the GTDS ORBIT File. Figure 2-2 il-
lustrates how the start time and end times of the ephemeris
representation span are determined for the five acceptable
cases. The two cases that are unacceptable and will cause
the termination of the run after printing error messages are
illustrated in Figure 2-3.

2.5 TRANSFORMATION AND CALCULATION OF THE TIME SERIES

Two time systems, ground-based ephemeris time (universal
time coordinated (UTC)) and spacecraft time, are involved in
ERGSS. The start time and the end time of the ephemeris
representation span and the user input reference time for
the Fourier series are in ground-based ephemeris time. As
the Fourier series is to be evaluated in spacecraft time,
transformations between the two systems are necessary. (See
Section 3.1 for discussions on these transformations.) The
start time and the end time of the ephemeris representation
span, which is the reference time for the Fourier series,
are first transformed from ground-based ephemeris time (UTC)
to spacecraft time. (Subroutines DELTIM and DJUL are in-
volved in this part of the function.) The number of data
points and an equispaced series of spacecraft time are
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LEGEND:

ST= START TIME
ET= END TIME

Figure 2-2. Five Acceptable User Input Start Times and
End Times
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calculated according to the start time, the end time, the
reference time, and the grid interval. Finally, the time
series is transformed to ground-based A.l (atomic) time for
use in data retrieval from the GTDS ORBIT File.

2.6 DATA RETRIEVAL FROM GTDS ORBIT File

The time series calculated in Section 2.5 is used for the
request times (REQTIM) needed to reconstruct position and
velocity data from the GTDS ORBIT File by calling GETVCT, an
entry point of subroutine GETHDR. If the data on the ORBIT
File are in the mean-0£-1950.0 Equator and equinox coordi-
nate system, the position and the velocity will be trans-
formed automatically to the true-of-date coordinate system.
If the data in the ORBIT File are stored in the true-of-

reference system, no rotation is done.

The rotation is accomplished by reading the GTDS true-of-
date Solar/Lunar/Planetary (SLP) Ephemeris File and the Time
Conversion Coefficients File to obtain the necessary infor-
mation to compute the "C matrix." The C matrix is multi-
plied with the position and velocity vectors in the 1950.0
system to yield position and velocity vectors in the true-
of-date system.

This module includes subroutines GETVCT, TODROT, iNTP,
HEMITR, DJULl, OBSTIM, TCON, TDIF, TCWF, MA333l, DJUL, and
DELTIM. Subroutine TODROT, together with DJULl, OBSTIM,
TCON, TDIF, TCWF, MA3331, DJUL, and DELTIM, forms the true-
of-date rotation package.

2.7 MAXIMUM ENTROPY SPECTRAL ANALYSIS

Subroutines DMEM, DCOEFF, ZCPOLY, and VSORTP are included in
this module. Subroutine DMEM, adapted trom Reference 7,
controls the spectral analysis. Subroutine DCOEFF 1s called
to compute the filter (Burg) cqeffiéients of the input
series and subroutine ZCPOLY is called to cdmpute the roots
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of the power spectrum, These roots are converted to fre-
quencies and sorted in subroutine VSORTP according to sig-
nificance. OQutput inecludes the filter coefficients (for
subsequent calculation of the power spectrum, if desired)
and the frequencies in the time series.
2.8 LEAST-SQUARES FITTING OF THE EPHEMERIS DATA TO A FOURIER
SERIES
This module includes subroutines CURVFT, DERIV, and MINV.
Subroutine CURVFT controls the process. (The solution for
the best-fit coefficients is discussed in Section 3.5.) The
calculation performed in subroutine CURVFT includes

1. Computation of the derivative matrix, F (by calling
subroutine DERIV)

2. Computation of FTF and its inverse (by calling
subroutine MINV)

3. Computation of FTY, where Y is the position or
velocity retrieved from the GTDS ORBIT File

4, Computation of the coefficient vector, A

2.9 EVALUATION OF THE FOURIER SERIES AND COMPUTATION OF THE
RESIDUALS

The evaluation of the Fourier series is controlled by sub-

routine SERIES. Subroutines DMASK and LAND are also in-

cluded in this module. The main function of this moaule is v
to calculate the ephemeris data (position and velocity) by
evaluating the Fourier series using the calculated Fourier
coefficients. The calculated ephemeris data are compared

with the ephemeris data retrieved from the GTDS ORBIT File

and the differences (residuals) are calculated.

2.10 STATISTICAL ANALYSIS OF THE CURVE FITS

The statistics that are computed include the residual mean,
the standard deviation, and the distribution function. All
calculations are done in the MAIN program except for the
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distribution function, which is calculated by calling sub-
routine TSTAT.

2.11 QUTPUT FUNCTIONS

The output functions include output of printer reports and
magnetic tapes. Output to the line printer is handled by
subrout;ne LPRNT and another group of subroutines controlled
by subroutine SMMOUT. This group of subroutines, which in-
cludes SMMOUT, BLOCK, DPCODE, ACTWRT, INCORE, ZTIME, FMOVE,
and R820CT, writes ephemeris uplink information unique to
the SMM spacecraft on the print file. Subroutine LPRNT
writes the remainder of all printed output. Tape output is
optional. Subroutine PDPTAP writes the ephemeris represen-
tation tape file, which is compatible with the SMM onboard

computer,

Subroutine ASTAPE writes the ephemeris representation tape
file in the American Standard Code for Information Inter-
change (ASCII) format. Appendix A, Table A-2, describes the
ASCII tape output format.



SECTION 3 - MATHEMATICAL DESCRIPTION

In this section, the mathematical algorithms used in ERGSS
are described in the order of the functional flow presented
in Section 2.

3.1 CONVERSION OF EﬁHEMERIS TIME TO SPACECRAFT TIME

The conversion of ephemeris time (UTC) to spacecraft time is
provided by the equation:

t,. = t 2

i 0 (3-1)

+ (1 + R) (Ti - TO) + Rd(Ti - TO)

where T0 is the ephemeris time when the spacecraft clock
is calibrated, Ti is any ephemeris time, R is the space-
craft clock drift rate, R.d is the rate of change of the

spacecraft clock drift rate, and ti' to are the space-

craft times corresponding to Ti and To.

The reverse conversion of spacecraft time to ephemeris time
can be obtained by considering Equation (3-1) as a quadratic
equation for ('I‘i - TO) and solving for (Ti - TO):

1/2
1 +R 4 Ry
Tl = TO + >R -1 + ﬁ + S (ti - to) (3-2)
d (1L + R)
If (4 R;/(1 + R)2) (t. - t,) << 1 is assumed,
d > i 0 1/2
[1L + (4 Rd/(l + R)©) (ti - to)] can be expanded
in the Taylor series, and Equation’ (3-2) becomes:
i 0 1 + R (1 + R)Z
(3-3)

2 2
2 Ry(t; = tg) -]
(1 +Rr)?
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3.2 ROTATION FROM THE MEAN-QF-1950.0 COORDINATE REFERENCE
SYSTEM TO THE TRUE-OF-DATE REFERENCE SYSTEM

The user should consult Reference 8 for the definition of

the two coordinate systems and a more detailed explanation
)

of the transformation,

The "C rotation matrix," which is used to rotate from the
mean 1950.0 system to the true-of-date system, is calculated

by evaluating ephemeris polynomials from the GTDS SLP File,
as follows:

N e - tO i-1
ce) = Z Ai \85, 700 (3-4)
i=1
where 'C(t) = C rotation matrix
Ai = ephemeris polynomial coefficients

t = time in seconds from beginning of year

top = time in seconds from beginning of year to
midpoint of this day (current day + 43,200 sec-
onds)

N = degree of polynomial plus 1
Quantities Ai,'t0 are obtained from the SLP File.
Multiplying the position and velocity vectors in the 1950.0
coordinate system by matrix C gives the position and veloc-

ity vectors in the true-of-date coordinate system. The
equation is as follows:

Xrop = © %1950 (3-5)

3.3 MAXIMUM ENTROPY SPECTRAL ANALYSIS METHOD

The maximum entropy spectral analysis method attempts to
remove some of the difficulties of Fourier analysis by add-
ing the maximum entropy constraint to the determination of a
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power spectrum. Reference 9 provides a philosophical and
mathematical comparison of the Fourier analysis method and
the maximum entropy method (MEM). Reference 10 reviews the
MEM literature.

o Basically, the MEM technique attempts to remove the assump-
tions implicit in discrete Fourier analysis. The entropy
function is a probabilistic measure of the lack of informa-
tion in a time series. In principle, by maximizing the en-
tropy function (subject to the constraint that the Fourier
transform of a power spectrum equals the discrete samples of
an autocorrelation function), the power spectrum of a time
series is determined with maximum noncommittance to informa-

tion that is not present in the data.

As a result of these improvemenés, MEM provides superior
frequency resolution to Fourier analysis for short data sets
(namely, MEM locates periodicities in data sets that are of
the order of the length of the data set itself). Moreover,
MEM can yield estimates of the frequencies inherent in a
data set without quantizing them because the power spectrum
. can be computed at arbitrary frequencies within the Nyquist
range. ’

A disadvantage of MEM is that as a nonlinear technique it
does not provide an estimate of the amplitude of the sinus-
oidal variation in the ephemeris data (which would be ob-
tained, for example, by a direct discrete Fourier transform
of the data). For that reason, the MEM spectral analysis of
the data is followed by a least-squares fit of the coeffi-
cients of a truncated Fourier series. The MEM algorithm is
briefly discussed below.

First, the Burg coefficients of an M-coefficient filter are
determined such that the digital filter convolved with the’
input time series has a constant spectrum. This entire
process is described in detail in Ulrych and Bishop
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(Reference 11). Subsequently, the frequencies present in
the input power series are determined by finding the peak of
the power spectrum. The power spectrum has the form

K K
P(f) = = (3-6)
A(f) 2 2 - 2 2 2 2

where z = exp(-2°m*i*At*f), K is a constant, and A(f) is a
complex polynomial in z of degree M. The maxima of P will
occur at the roots of lA(f)lz. Therefore, the frequencies
"contained" in the input time series will occur at roots
Z;- These roots are determined and the frequencies are
ordered according to the magnitude of z; - The larger the
magnitude of Zis the more likely it is that the corre-
sponding fi is a periodic frequency of the time series.
Naturally, not all of the M frequencies are unique. Ac-
tually, the positive and negative frequencies are equal in
number. (If M is odd, there are (M-1l)/2 positive and nega-
tive frequencies and one near zero or the Nyquist fre-
quency.) The negative frequencies are rejected and the
positive frequencies are ordered as described.

Because the MEM algoriﬁhm is used in ERGSS to determine the
dominant frequency in the Cartesian ephemeris data, MEM is
used with M equal to 3. According to Reference 6, numerical
experiments have shown that this choice of M is approéri—
ate. For very noisy data, a larger value for M would prob-
ably be required to obtain an accurate estimate of the

fundamental frequency.



3.4 FOURIER SERIES CARTESIAN COORDINATE REPRESENTATION

To represent the Cartesian ephemeris data at the equispaced
grid points, a Fourier series is chosen of the form

Z
]
W
wn

M=
j . . j .
%ij t s;n(lwt) + bij t cos(1wtq

[
"
(]
.
n
o

(3-7)

1
+ :Z: %in(wt) + cos(mtﬂ k [Ck sin(2wEt) + dk cos (2mth
k=0

The mean orbital frequency, w, is assumed to be the same
for each Cartesian coordinate. The Earth's sidereal rota-
tion frequency, Wg s is assumed to have a value of
27/(23.934467 x 3600) or 7.2921166 x 10“5 radians per
second. Such a representation is consistent with modeling
the variation of the Cartesian coordinates due to second-
and third-degree zonal geopotential effects and atmospheric
drag. In practice, the series is used in the nested form

X(t) = A, + t %A +t [A3 +t (B, + t(Ag + tAG))]

1 2
+ A, + t[}a + t(A9 +t(Ayg *E(A) tAlznﬂz sin(wt)
+ RAyg t[A14 + t(A15 et BB, ¥ tAlB)))H cos (uwt)
+ A+ t[AzO + t(AZl +E(A,, + tA23))] sin? (wt))
+ Ay, + t[AZS + t(A26 + t(Ay, ¢ tAzs)ﬂ sin(wt) cos (wt)
TR SR [ABO ¥ E(Ay + tA32)]§ sin’ (ut) (3-8)
+ ;A33 + t[}34 + t(Agg + tA3sﬂ} sinz(wt) cos (wt)
+ =A37 + A39 sin(wt) + A41 cos (wt) sin(ZmEt)

+ %A38 + A40 sin(wt) + A42 cos(wt) cos(2u%t)
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where X is any position or velocity component and t is the
time relative to the reference time for the span. This form
is derived from the fact that trigonometric functions of
multiple angles are simple polynomials in the functions of
the fundamental angle. This computation requires 2 sines/
cosines, [(2N + 1) Mn + 2Nn + 2N - 2] multiplications, and
[(2N + 1) Mn + 2Nn] additions, where N and M are the highest
harmonic and the highest power of t, respectively, and n is
the number of position and velocity components.

Coefficients Ai are obtained by a least-squares fit of
Equation (3-8) to the accurate ephemeris file generated by
numerical integration. Frequency w is assumed known, either
from a priori knowledge of the orbital period or by spectral
analysis (e.g., MEM, as described in Section 3.3) of the
ephemeris file.

3.5 LEAST-SQUARES METHOD

Given a sequence of n measurements, Yi, corresponding to a
time series, ti, its measurements can be represented with
function £, which is a series consisting of m coefficients:

Y. = £(A;, A

i s 0oy Am, ti) + Gi (3_9)

27

where 6i are the residuals, Aj are the coefficients,

i=1,2, ..., n, 3=1, 2, ..., my, and n > m. Equa-
tion (3-9) can also be expressed in matrix form as

Ynxl = anm Amxl + anl (3-10)

nXm are n-by-1

column matrices, and Am

where F is an n-by-m matrix, Ynxl and 6nxl

<1 is an m-by-1 column matrix.

3-6



The sum of the square of residuals can be written as

S =6 &= (FA - ¥)T (FA - Y) (3-11)

The least-squares method requires that s be a minimum for
the curve (the sequence of measurements Y) to be the best
fit. In other words,

%g =0 (3-12)

The solution of Equation (3-12) is

1,7

A = (Fir)~ L rTy (3-13)

3.6 FINAL STATISTICS

To provide the user with a statistical analysis of the

least-squares estimate, a set of estimated overall errors

and associated quantities is produced at the end of the
run. An explanation of these quantities follows:

° Number of data points--Number of position or
velocity components interpolated from the GTDS

ORBIT File
o Sum of squares of residuals
) Standard deviation--Standard deviation, ¢, given bv
= /S -
g = m - m (3-14)
where S = sum of squared residuals

3
1]

number of data points

number of coefficients

3
W
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Degrees of freedom--The difference between n and m,

i.e., (n - m)

Distribution function--Value of student's-T distri-
bution, based o; the number of degrees of freedom
and the peréentage of confidence desired (90, 95,
or 99 percent)

Percent confidence limits--Equal to the product of
the distribution function and the standard devia-
tion, 0. This value gives an estimate of the range
of the residuals. Given an example of 95-percent
confidence limits = 0.508, 95 percent of the resid-
uals fall in the range of -0.508 to +0.508. The
coefficients can be used to compute measurements to
an accuracy of +0.508 in units .equivalent to that
of the data used in the least-squares solution.

Number of residuals exceeding 0.75 kilometer or
0.75 meter/second--Result of the automatic counter
to detect large deviations



SECTION 4 - USER'S GUIDE

4.1 INPUT REQUIREMENTS

4.1.1 PROGRAM CONTROL OPTIONS

The NAMELIST input needed to execute ERGSS consists of
$SCTIM, $CARDIN, and $CLOCK. The variable names and their
dimensions, types, default values, and brief descriptions
for NAMELIST input are listed in Tables 4-1 through 4-3.
Following the NAMELIST input, a flag input card is needed to
indicate which Fourier coefficients among the maximum of 42
the user wishes to retain in the curve fit, and which posi-
tion and velocity components among the six possibilities are
to be represented by a Fourier series. Columns 1 through 42
define the lst through 42nd coefficients, respectively, and
columns 47 through 52 set the position and velocity compo-
nents. Setting a flag to 1 means the component or coeffi-
cient is to be included, and 0 indicates that it is not to
be included. Following the flag input card, two 1nput cards
are needed. These two cards contain the names of a parti-
tioneq data set and its members, which will be accessed in
subroutine SMMOUT to retrieve data to generate the ephemetis

uplink information.

The variable names and their description are listed in
Table 4-4. Section 4.3 provides a more detailed example of

the input deck setup.
4.1.2 GTDS ORBIT FILE

The ORBIT File can be either sequential or direct-access
format. If it is sequential, parameter LEVEL in NAMELIST
SCTIM must be set equal to 0. Any integer value greater
than or equal to 1 indicates that the file is direct access
and the input value must be the file level to be accessed.

The file format is shown in Appendik A,
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4.2 OQUTPUT

4.2.1 PRINTER OUTPUT

Printer output can be separated into the following groups:
° Input card images listing (written by MAIN)

° Special time parameter and primary frequencies
(written by MAIN)

° Fourier coefficients for satellite ephemeris and
errors (written by LPRNT)

' Satellite ephemeris and residuals (written by LPRNT)
°® Summary of statistical analysis (written by LPRNT)

) Uplink messages (written by SMMQUT)

° PDP tape contents (written bv PDPTAP)

® ASCII tape contents (written by ASTAPE)

A sample printer output is shown in Appendix B.
4.2.2 TAPE OUTPUT
The two optional tape output formats are as follows:

° PDP-il/70 tape--This tape, designed for SMM, will
be created if parameter IUNIT, which is the FORTRAN refer-
ence number for the tape, is set equal to an integer number
greater than or equal to 2. Tape specifications are pro-
vided by the following DD statement:

//FT24F001 DD DISP=(NEW,PASS) ,UNIT=9TRACK,
// DCB=(RECFM=FB, LRECL=80,BLKSIZE=80),
// VOL=SER=mmmmm

where mmmmm is the tape number. The tape format is provided
in Table 4-5.
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® ASCII tape--This tape, designed for the Landsat-D
mission, will be created if parameter IUNIT in NAMELIST
SCTIM is set equal to 1. Tape specifications are provided
by the following DD statement:

//FT21F001 DD DISP=(NEW,PASS) ,UNIT=9TRACK,LABEL=(1,BLP),
// DCB=(RECFM=FB,LRECL=924,BLKSIZE=924,BUFNO=1,0PTCD=Q),
// VOL=SER=nnnnn

where nnnnn is the tape number. DCB subparameter OPTCD=Q
must be coded. It specifies that transfation from EBCDIC to
ASCII output is required. 1Its omission will result in an
output tape in EBCDIC format instead of the ASCII format as
required.

The tape format is given in Appendix A.

4.3 JOB CONTROL LANGUAGE AND SAMPLE DECK SETUP

This subsection describes the job control language (JCL)
cards that are required to execute ERGSS in the environment
of the IBM S/360 at GSFC. A sample deck setup, which in-
cludes JCL cards and input data, is shown in Figure 4-1.

The user should consult IBM JCL manuals and.Reference 12 for

the definition and usage of the JCL statements.

The 12 DD statements, which point to data sets or files that
may be needed during execution, are described below.

DDNAME Description
STEPLIB Points to load module to be executed
FTOSFOO1 By providing a DDNAME of DATAS, points to

data set containing card deck input

FTO06F001 Holds accumulatinag printer output during
execution, which is printed after execu-
tion has terminated

FTO8FO001 Contains uplink messages
FTO9F001 Contains $CLOCK NAMELIST input



//7ZBYMLEPH JOB (GR2111311H»T»G00080+001002)»FFF THISDATE
//%FORMAT PR»DDNAME=,DEST=CSC

// EXEC PGM=EPH)REGION=400K

//STEPLIB DD DSN=QRBIT.EPHEM.REP.LOADsDBISP=SHR

//FTOSFQ01 DD DDNAME=DATAS .
//FT06F001 DD SYSOUT=A,DCB=(RECFM=VBA,LRECL=137yBLKSIZE=141)

/7/FTO8FQ01 DD DUMMY UPLINK MESSAGES

//FTO9F001 DD DUMMY NAMELIST/CLOCK/

//FT10F001 DD DUMMY NAMELIST/CARDIN/ & FLAGS FOR SMM
//FT11F001 DD DUMMY NAMELIST/CARDIN/ & FLAGS FOR TDRSE
//FT12F001 DD DUMMY NAMELIST/CARDIN/ & FLAGS FOR TDRSW

//FT20F001 DD DSN=ORBIT.LANDSAT.DAQF.DATA»DISP=SHR
//FT21F001 BD DISP=(NEW,PASS) rUNIT=DISKsSPACE=(TRK+»7)»
// DCB=(RECFM=FBsLRECL=924,BLKSIZE=724»BUFNO=1)»
/77 VOL=SER=DISKO9?
//FT38F001 DD DSN=QRBIT.GTDS.TINMCOF.DATA»DISP=SHR
//FT78F001 DD DSN=ORBIT.GTDS.SLPTOD.DATA,DISP=SHR
//DATAS DD x
$SCTIM LEVEL=L,IFRN=20,IUNIT=1, $END
SCARDIN YND1=811002,0,HMS12080000.0,YM4D22811004.0,HMS2=200000.0>»
YMDR=811002.0sHMSR=230000.,0,52600.0» $END
$SCLOCK ETOYND=811002.,ETOMMS=080000.5T0=2000.»DTPR=1,,DTPP=0.» SEND
1111211112111311121113111211211111111111111 111111
DDDDDDDD MEMBER-A MEMBER-B MEMBER-C MEMBER-D MEMBER-E MEMBER-F
$SSS8S8SS 3
/%
s

Figure 4-1. Sample Deck Setup

MEMBER-G



DDNAME

FT10F00L1

FT11F0O01l

FT12F00L1

FT20F001
FT21F001
FT38F001

FT78F001

Description

Contains $CARDIN NAMELIST input and flag
input card for sSMM

Contains $CARDIN NAMELIST input and flag
input card for TDRS-E

Contains $CARDIN NAMELIST input and flag
input card for TDRS-W

Points to GTDS ORBIT File
Points to output ASCII format tape file

Points to GTDS Time Conversion Coeffi-
cients File containing time conversion
and polar motion data used for true-of-
date rotation

Points to GTDS SLP File (in true-of-date

coordinates) containing planetary ephem-
eris data



APPENDIX A - FILE FORMAT

Table A-l presents the GTDS ORBIT File format and Table A-2
provides the ephemeris representation tape format.



Table A-l. GTDS ORBIT File Format (1 of 8)

DATA SET LAYOUT
oate _12/31/79
DATA SET NAME: _ORBIT File (without partial derivatives) PAGE NO. 1 of 8

PURPOSE: i i i i model and orbit
generator parameters, the element set used in generating the satellite ephem-

eris, and the satellite ephemeris in the form of acceleration vectors.

WRITTEN 8Y: __ORBFIL, ORBINT _
(NAME OF SUBROUTINE)

READ 8Y: __GETHDR, ORBFIL, ORBINT
(NAME OF SUBROUTINE)

NOTES: DSPEXC and ORBINT close file
GENERAL DEVICE CHARACTERISTICS
PHYSICAL uNIT 2314 Fngmﬂ_{L Tare O .
LOG RECORD SIZE 1092 BLocksize 1092 PARITY: EVEN (DEC) O ooo (ein) O
RECORD FORMAT _F. CHANNEL: 7 O 90 OTHER
DENSITY:

toTaLsize: 524160  avres

gLocks: 280 DISK

Type: __ Direct Access OTHER O




Table A-1. GTDS ORBIT File Format (2 of 8)

DATA SET LAYOUT
paTe _ 12/31/79
DATA SET NAME: ORBIT File (without partial derivatives) pageno._2 of 8

PHYSICAL UNIT—2314 __ FORTRAN LOG uniT__20

LOG RECORD 51261092 BLocksize 1092

AECORD FORMAT _E.

RECOROD

RECORD SIZE BYTES NAME, DESCRIPTION, ETC.
1 1092 bytes 1-400 IDIR(I,J): I=1,2; J=1,50
File directory
INDIR(1,1): Number of levels in file
INDIR(2,1): Next available record
INDIR(1l,level+l): Number of first record for
level
INDIR(2,level+l): Number of last record for
level
401-1092 |Not used
2 1092 bytes 1-8 SATNAM: Satellite name in EBCDIC
9-16 AREA: Area of satellite (cmz)
17-24 SCMASS: Mass of satellite (kg)
25-32 CSUBR: Satellite reflectivity
constant
33-40 CSUBDZ: Drag coefficient
41-48 'YMDOUT: YYMMDD. of start date
49-56 HMSOUT: HHMMSS .SSSS of start date
57-64 YMDFN: YYMMDD. of end date
65-72 HMSFN: HHMMSS .SSSS of end date
73-80 'YMDIC: YYMMDD. of epoch date
81-88 HMSIC: HHMMSS.SSSS of epoch date
89-96 [YMDREF : YYMMDD. of reference line
for time coordinate system
97-104  [EGHA: Greenwich hour angle at epoch
(rad)
105-112 [EJED: " Julian ephemeris date of

epoch




DATA SET NAME:

Table A-1. GTDS ORBIT File Format (3 of 8)

OATA SET LAYOUT

oaTe __12/31/79

ORBIT File (without partial derivatives) pageno. _3 of 8

LOG RECORD s1Ze L
RECORD FORMAT _E

pHysicaL uNIT.2314___ roRTRAN LOG uniT _20
1092 _giocksize 1092

RECORD REcORD BYTES NAME, DESCRIPTION, ETC.
2 1092 bytes | 113~160 AEINT(K): K=1,0
Keplerian elements in coordinate
system of integration
161-208 SPINT(K): K=1,6
Spherical elements in coordinate
system of integration
209-256 PVINT(K): K=1,6
Position and velocity of satellite
in coordinate system of integration
257-368 OBLINT(L): L=1,14
Auxiliary orbital elements in
coordinate system of integration:
L = 1, Eccentric anolmal
2, Period
3, Time derivative of period
4, Mean motion
5, True anomaly
. 6, Perifocal height
7, Apofocal height
8, Time derivative of
argument of perigee
9, Time derivative of ascend-~
ing node
10, Velocity at apogee
11, Velocity at perigee
- 12, Latitude
13, Longitude -
14, Height
369-376 OBSYMD: YYMMDD. of start of fitted data
span for element set
377-384 OBSHMS : HHMMSS.SSSS of start fitted span
for element set
385-392  [OBEYMD: YYMMDD. of end of fitted data span
for element -




Table A-1l.

DATA SET NAME:

GTDS ORBIT File Format (4 of 8)

DATA SET LAYOUT

oare _ 12/31/79

ORBIT File (without partial derivatives) pageno. & _ of - 8

PHYSICAL UNIT

2314

FORTRAN LOG uniT 20
LOG RECORO §126.1092  sLocksize 1092

AECORD FORMAT _E.

RECORD

RECORD SIZE BYTES NAME, DESCRIPTION, ETC.
2 1092 bytes{ 393-400 OBEHMS: HHMMSS.SSSS of end of fitted datg
span for element set
401-408 WRMS : Weighted RMS of fit for element
set
409-576 COVMAT(I): I=1,21
Upper triangle of state
covariance matrix
577-584 AZERO: Difference between A.l time and
uTC
585-592 TZEROL: Time from beginning of year in
seconds
593-6G0 DEPOCH: Julian date of epoch (A.l system)
601-608 SPARE Space location
609-612 IDSAT: Satellite number
613-616 NBRRUN: Run number
617-620 NBRELS: Element set number
621-624 150: Inertial coordinate system
reference indicator
625-1024 INDSEC(I,J): 1I=1,20; J=L,5
Force model indicators
1025-1043 | MODWF(K): K=1,6
Model identifiers
1044-1052 NBROBS: Number of observations in fitted
data span for elements set
1053-1056 NSTATE: Number of state partials
1057-1080 | KSTATE(K): K=1,6
Label numbers of state unknowns
1081-1084 IPART Partial indicator

= ] partials on data record
= 2 no nartials on data record




Table A-1l. GTDS ORBIT File Format (5 of 8)
DATA SET LAYOUT
oare _ 12/31/79
DATA SET NAME: ORBIT File (without partial derivatives) PAGE NO. 5 of 8

PHYSICAL UNIT

RECORD FORMAT _E

2314

LOG RECORD s12€ 1092

BLOCK SI1ZE

FORTRAN LOG UNIT
1092

20

RECORD

RECORD

SIZE BYTES

NAME, DESCRIPTION, ETC.

1092 bytes| 1085-1088

1089-1092

1092 bytes
9-16

17-104

105-144
145~384

385-408

409-608

609-612

613-616

ICENT:

IND(1)

DTIM

ZERO

GM(I):

SECMOD(36,1):

COEF1(I,J):

SAE(I):

SPARE

IND(40)

IND(41)

Central body indicator

Orbit generator indicator
= 1 time regularized Cowell
orbit generator

= 2 Cowell orbit generator

Dummy time word for internal
retrieval use (+99999999.0)

Zero word for internal retrieval
use

I=1,11
Gravitational conitantztimes the
mass of bodyl (km°/sec?)

I=1,5 -
Time regularized exponent of
satellite radius for Section I

I=1,10; J=1,3
Time conversion coefficients
I indicates date interval

I=1,3
Drag coefficient times area of
spacecraft surfaces
I=1, sphere or end of cylinder
2, sides of cylinder
3, paddies

Spare locations

State partials indicator
1l =yes, 2 = no

Drag paftials indicator
1l = yes, 2 = no




Table A-1. GTDS ORBIT File Format (6 of 8)

DATA SET LAYOUT

OATA SET NAME: ORBIT File (without partial derivatives) PAGE NO. 6 of 8
PHYSICAL UNIT_—2314 _ FORTRAN LOG UNIT__20
voc recorosize 1092 siocksize 1092
RECORD FORMAT _E.
RECORD RECORD BYTES NAME, DESCRIPTION, ETC.
3 1092 bytes 617-620 | IND(42) Solar radiation partials'indicatér

1l =yes, 2 =no

621-624 | IND(43) Potential partials indicator
1l =yes, 2 = no

625-628 IND(44) Thrust partials indicator
1l = yes, 2 = no

629-632 | NTAB
633-672 | JARG1(I): 1I=1,10

Julian dates which define date
intervals for time conversion

673-676 | KONFIG S/C configuration switch
0 = spherical
1 = cylindrical
2 = cylindrical with paddles
677-680 NEQ Number of variational equations
to be integrated
681-684 | NCNM Number of Cy , to be estimated
k4
685-688 | NSwM Number of Sy p t© be estimated

689-768 NDEG(I): I=1,20
N indicies (for CN,M and SN,M)

769-848 | MORD(I): I=1,20
M indicies (for Cy p and Sn, M)

849-¥68 | INDY(I): I=1,5
I=1, array location for drag partialg
in the integrator




Table A-1. GTDS ORBIT File Format (7 of 8)

DATA SET LAYOUT
oare _12/31/79

pATA SeTName, ORBIT File (without partial derivatives) pageno._/___ of 8

PHYSICAL UNIT— 2314 FORTRAN LOG UNIT _2Q
‘LoG RECORD s12e _1U92 __gLosksize 1092
RECORD FORMAT _E____

RECORD

RECORD SIZE

BYTES NAME, DESCRIPTION, ETC.

3 1092 bytes I=2, array location for drag radiation
partials in the integrator

3, array location for drag potential
partials in the integrator

4, array location for thrust partials
in the integrator

5, spare

869-872 IND(39) Transformation partials required

1 = Partial of state with respect to
initial state elements

2 = Partial of state with respect to
Keplerian state elements

3 = Partial of state with respect to
spnerical state elements

4 = Partial of state with respect to
DOLS state elements

873-1092 | SPARES

All others | 1092 bytes 1-8 N Time (from epoch in seconds) of last
acceleration in XDD

9-16 H Integrator stepsize in seconds

17-280 x0(1,J): I=K-10,K; J=1,3
Sateilite acceleration vectors
K = acceleration array indicator

281-368. |TREG(I): I=K-10,K
Time corresponding to acceleration array




Table A-l. GTDS ORBIT File Format (8 of 8)

DATA SET LAYOUT

oare __12/31/79

DATA SET NaMe:ORBIT File (withoutpartial derivatives) paceno._8 o8

PHYSICAL UNIT_2334__ FORTRAN LOG uniT_2C
LoG Recorp size 1092 __miocksize 1092
RECORD FORMAT . E______

RECORD

RECORD SIZE BYTES NAME, DESCRIPTION, ETC.

All others| 1092 bytes| 369-392 SX1(1): 1I=1,3
- First sum vector of satellite

acceleration

393-416 SXz(I): 1=1,3

Second sum vector of satelilite
acceleration

417-520 NSECTN Current section number

421-1092 | Not used




Table A-2. Ephemeris Representation Tape Format (1 of 4)

DATA SET LAYOUT
DATE _2/16/81
DATA SET NAME: _Ephemeris Representation Tape (File 1) PAGE NO. 1 ot 4

puRpose: _This file contains the Fourier coefficients and residuals of the

ephemeris representation. It is written in ASCII format.

WRITTEN BY: __ASTAPE
INAME OF SUBROUTINE)

READ 8Y:
(NAME OF SUBROUTINE)
NOTES:
GENERAL DEVICE CHARACTERISTICS
FORTRAN
PHYSICAL UNIT __24Q0 : LOG UNIT 21 _ TAPE B
LOG RECORD SIZE_924 _ _ sLocksize 924 PARITY: EVEN (DEC) O 00D (BIN) &
RECORO FORMAT _FB CHANNEL: 7 O 9 OTHER e

DENSITY: __16Q0 bpi

TOTALSIZE: 30492 _ BYTES

BLOCKS: 33 pisk O

Tvee: _Sequential OTHER O

A-1Q



Table A-2. Ephemeris Representation Tape Format (2 of 4)
-_'—DATA SET LAYOUT
oaTe 2/16/81
DATA SET name: Evhemeris Representation Tape (File 1) = PAGENO._2 of 4
PHYSICAL UNIT_2400  roRTRAN LOG UNIT__ 2L
LoG RECORD S12ZE224 ___BLock size 924
RECORD FORMAT _EB___ _
RECORD RECORO 8YTES NAME, DESCRIPTION, ETC.
1 924 bytes 1-8 SATNAl:}
Satellite name
9-16 SATNAZ2:
17-24 IYMD: YYMMDD. of epoch time
25-32 IiMS: HHMMSS. of epoch time
33-54 X: Position at epoch (km)
55-76 Y: Position at epoch (km)
77-98 Z: Position at epoch (km)
99-120 XD: Velocity at epoch (km/sec)
121-142 YD: Velocity at epoch (km/sec)
143-164 ZD: Velocity at epoch (km/sec)
165-172 IYMD1: YYMMDD of start time
173-180 IHMS1: HHMMSS of start time
181-188 IYMD2: YYMMDD of end time
189-196 IHMS2: HHMMSS of end time
197-204 IYMDR: YYMMDD of reference time
205-212 IHMSR: HHMMSS of reference time
213-234 SF: Scale factor (m/sec)
235-256 DTP: Spacecraft clock drift rate
(s/c sec)/E.T. sec)
257-278 W: Orbital frequency (rad/sec)
' 279-300 WE 3 Earth's sidereal rotation
frequency (rad/sec)

A-11




Table A-2. Ephemeris Representation Tape Format (3 of 4)

DATA SET LAYOUT

DATE 2/16/81

DATA SET NAME: __Ephemeris Representation Tape (File 1) raceno._3 __ of _4

PHYSICAL UNIT_2400 FORTRAN LOG UNIT__21
LOG RECORD S12E..924 __sLocksize 924
RECORD FORMAT __FB_____
RECORD RECORD BYTES NAME, DESCRIPTION, ETC.
1 924 bytes 301-304 |1G: Grid interval (s/c sec)
305-308 [NTMAX: Number of grid points
309-312 NTO: 1

313-924 |Blank.

2 924 bytes 1-22 Fourier coefficients for X component: C(1,1)
23-44 Fourier coefficients for X component: C€(2,1)
45-66 Fourier coefficients for X component: C(3,1)

903-924 [Fourier coefficients for X component: C(42,1)
3 924 bytes 1-22 Fourier coefficients for Y component: C(1,2)
23-44 Fourier coefficients for Y component: ¢C(2,2)

45-66 Fourier coefficients for Y component: C(3,2)

903-924 [|Pourier coefficients for Y component: (C(42,2)
4 924 bytes 1-.22 Fourier coefficients for 2 component: C(1,3)
23-44 Fourier coefficients for Z component: C(2,3)

45-66 Fourier coefficients for Z component: C(3,3)

903-924 ourier coefficients for 2 component: C9(42,3)
S 924 bytes 1-22 ourier coefficients for XD component: C(1,4)
23-44 ourier coefficients for XD component: C(2,4)
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Table A-2.

paTA seT Name: Ephemexis Representation Tape (File 1)

DATA SET LAYOUT

PAGE NO. _4

Ephemeris Representation Tape Format (4 of 4)

pare _2/16/81

ot 4

PHYSICAL UNIT2400

FORTRAN LOG uniT__21

LoG RECORD 5126924 srLock size 924
RECORD FORMAT .EB_____
AECOAD RECORD BYTES NAME, DESCRIPTION, ETC.
S 924 bytes 45-66 Fourier coefficients for XD component: C(3,4)
903-924 |Fourier coefficients for XD component: C(42,4)
6 924 bytes 1-22 Fourier coefficients for YD component: C(1,5)
23-44 Fourier coefficients for YD component: C(2,5)
45-66 Fourier coefficients for YD component: C(3,5)
903-924 |Fourier coefficients for YD component: C(42,5)
7 924 bytes 1-22 Fourier coefficients for 2D component: C(1,6)
23-44 [Fourier coefficients for 2D component: C(2,6)
45-66 Fourier coefficients for ZD component: C(3,6)
903-924 |(Fourier coefficients for 2ZD component: C(42,6)
8-32 924 bytes 1-924 |14 sets of position residuals (3 in a set for
X, Y, Z) for 14 grid points
33 924 bytes 1-660 10 sets of position residuals (3 in a set for
X, ¥, 2) for 10 grid points
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APPENDIX B - SAMPLE ERGSS PRINTER OUTPUT

Figures B-1 through B-7 present sample ERGSS printer output.
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saeas 228 START TIMESRsRasesn sesaseassEND TIMESssEexans

YYMMDOD HHMMSS, SS YYMMDO HHMMS S

ORB 1T FILE t 8110020000 70000848000 811005.0000 Hh008 8330
USER INPUT + 811002.0000 80000. 0000 81100440000 200000 .,0000
ACTUAL EPH. REP.: 811002.0000 80000.0000 8110040000 2000060 .0000
EPOCH =  14879.8333333

DATA START = S/C START = 2000. 0000000

DATA END - z1eooo.ooooooo 5/€_S10P = 218000.0000000

REFEREN POINT = 5600040000000 # GF POINTS = 360

EREQUENC [E5 0.0010846497

:geggggg{gg 8:38{8333561

EREQUENCIES 3:888809387

FREIENC €5 0.001061578

EREQUENC LES 0001054767

FREQUENC 1 €3 .

W 0. 0010589608201905

WE 0.0000729211660000

Figure B-2. Special Time Parameter and Primary Frequencies
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SATELLITE EPHEMERIS AND RESIDUALS FOR LANDSAT
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